In spite of the sweeping coherence effects in high energy hadron and nuclei collisions, k Tfactorization can be recovered for the inclusive gluon production in pA collisions at the leading logarithmic order. In open charm production at RHIC k T -factorization holds numerically with about 10-20% accuracy. This allows to extrapolate the cold nuclear matter effect observed in light and charm meson production in dA collisions to that in AA ones. Unlike the open charm, the breakdown of factorization in J/ψ production is severe. Indeed, already at the lowest order in gluon density the main contribution to the inclusive cross section is proportional to the square of gluon density in the nucleus. As a consequence, one cannot infer the cold nuclear matter effect on J/ψ production in AA collisions from that in dA. We present the calculation of J/ψ multiplicity in the framework of the CGC (color glass condensate)/saturation and show that it agrees with the experimental data.
of valence quarks and gluons give contributions of order unity. Nevertheless, despite the fact that individual diagrams break factorization in covariant and light-cone gauges, the final re-summed 19 expression can be cast in the k T -factorized form. Unlike in hpQCD, the physical quantity that 20 is factorized -the unintegrated gluon distribution ϕ(x, Q 2 ) -is not soft and can be calculated does not imply hpQCD factorizations (k T or collinear ones) and neither opposite is generally true.
30
A k T -factorization formula derived in [2] led to successful phenomenology of inclusive hadron 31 production in dA collisions at RHIC were the suppression of hadrons at forward rapidities and the
32
Cronin enhancement at mid-rapidity were qualitatively predicted [3, 4] and then quantitatively common feature of the inclusive gluon and heavy quark production is that at transverse momenta 51 much higher than the saturation momentum, cross sections reduce to the LO hard perturbative 52 ones and consequently factorize. In other words, the hpQCD factorization is restored in the kine-53 matic region where the operator product expansion is applicable. It is important therefore that 54 the leading term in the twist expansion coincides with that of hpQCD. This is not so in the case 55 of the J/ψ production.
Factorization breakdown for inclusive J/ψ production in nuclear collisions
The mechanism of J/ψ production in high energy nuclear collisions is different from that 58 in hadron-hadron collisions [14, 15, 16] . Consider first the J/ψ production in pp collisions.
59
At high energies formation time of the J/ψ wave function is much larger than the size of the 60 interaction region. Indeed, in the nucleus rest frame, the former is 2M ψ l c /(M ψ − M ψ ) where well-motivated, it underestimates the J/ψ yield. We therefore assume that cc is produced in the 
where r and r are the cc dipoles in the amplitude and in the complex conjugated one. Of course,
86
there is no such restriction on the elastic amplitude involving exchange of gluon pair with the 87 vacuum quantum numbers. The elastic amplitude is given by
To obtain the cross section one has two convolute these amplitudes with the virtual gluon and Jψ
89
wave functions, given in e.g. [18, 19] .
90
Experimental data is expressed in terms of the nuclear modification factor defined as
where S stands for the overlap area of two colliding nuclei. We calculate the J/ψ production in T in (r, r ) = e
where no restriction on the number of inelastic interactions has been made. Note also that the 94 overall normalization is still not determined since the pp cross section is proportional to the 95 probability of soft gluon emission. We approximate this probability by a constant.
96
To take into account the low-x quantum evolution we recall that the initial condition for the 
Therefore, we can incorporate the evolution effects by writing the scattering amplitudes (1) 
104
We expect that the breakdown of the hpQCD factorization has important impact on the J/ψ pro-105 duction in AA collisions. Because of this the magnitude of the nuclear modification factor R AA 106 cannot be inferred from the dA calculations. 
Conclusions
gion. This happens due to coherence effects over the entire nuclear length. This effect invalidates
